INTRODUCTION
Ours differs from many previous articles in the Annual Review of Phyto pathology for it heralds a topic new to our field rather than re-examines an old one. We concur with Wilson (86) who chose the term "commencement" to summarize his treatise on a similar topic. Plant pathologists are tradition ally hired to confront and subdue microbes that would impair the productiv ity of our crop plants. However, we have largely overlooked those microbes that would be our allies in controlling noxious weed species. In our preoccu pation with crop species, virtually all of which are terrestrial, we have also overlooked the many plants that exist in aqueous habitats. Our neglect is a matter of record. Not a single disease is listed in the Index of Plant Diseases (32) for our three most notorious waterweeds, water hyacinth (Eichhornia crassipes), Eurasian watermilfoil (Myriophyllum spicatum), and hydriIla (Hydrilla verticillala), currently pests of considerable economic significance.
Thus, we have chosen to write a perspective rather than a review. It is our intention to: (a) explain the problems created by infestations of waterweeds, (b) enumerate the causes of these problems, and (c) consider the relation ship and potential of plant pathology to the control of waterweeds.
THE PROBLEMS CREATED BY WATERWEEDS
As we use ever-increasing quantities of water, perhaps our most impor tant natural resource, we find ourselves on a collision course with rapidly spreading infestations of waterweeds. Aquatic plants in reasonable numbers are not objectionable and are even valuable. Excessive popUlations, however, create havoc in our waterways. They clog the grids and sluices of hydroelec-region of Louisiana, with numerous shallow lakes and streams, are especially prone to waterweed problems. Waterweed infestations are especially serious in localities where the indigenous population is dependent upon its waterways for survival, but whose economy, technOlogy, or political stability is such that they are unable to cope with the problem. For example, water hyacinth first appeared on the Congo River in 1952, and within 3 years had spread some 1000 miles from Leopoldville to Stanleyville. Their presence blocked the river and drastically reduced the fish populations, depriving the riverine in habitants of their chief means of transportation as well as their primary source of protein. The Belgian government mustered ships and aircraft, and applied herbicides to these weeds to keep them under partial control. By 1957, the river could again be used. These control efforts unfortunately were interrupted during the tumultous years following the Congo's independence, and the hyacinth again reclaimed the river to bring additional suffering to the inhabitants (31, 36, 66).
THE CAUSES OF THE WATERWEED PROBLEM
Man is chiefly to blame. He has acted as the chief disseminating agent of pestiferous aquatic plants. There is a tendency among water plants to repro duce vegetatively. In fact, many lack the capacity to produce seeds, and therefore may be without a means of aerial transportation over long distances (66) . Without man's help, most noxious species would thus be restricted to the continents from which they originated, and sometimes even to finite bod ies of water. Man has unwittingly introduced many weeds. Alligatorweed (Altemanthera philoxeroides) was unknown in the United States until about 1894 when it arrived from South America as a stowaway in ballast of ships (82, 84) . Away from its natural enemies and finding its new habitat favor able, this pest soon became established throughout the southeast, particularly in Louisiana and South Carolina.
Many aquatic plants have been introduced to new habitats deliberately.
In his quest for beauty, man has imported aquatic plants from around the world, cultivated them, and carelessly allowed them to escape. The most fa mous of all aquatic pests imported under the guise of an ornamental is the water hyacinth, introduced into the United States in 1884 when specimens of this plant were distributed to those attending the New Orleans Cotton Cen tennial Exposition. These plants originally came from Venezuela, and were much admired for their lavender blooms and exotic foliage. Soon they were to be found in garden pools and in farm ponds where they multiplied rapidly.
Excess plants were simply discarded in nearby waterways. Water hyacinths were reported in Florida by 1890, and shortly after the turn of the century were found as far north as Virginia and as far west as California (52, 66 though edible, proved low in nutrient value and could not be used for fodder. However, 50 years later they were costing the state 10 million dollars a year for eradication programs (85) . Water pollution is one of the chief reasons we are having major difficul .. ties with aquatic vegetation. Bodies of water age, through natural processes, from oligotrophy to eutrophy. As sediments accumulate, lakes become filled and are eventually transformed into bogs (38). Man has accelerated this pro,· cess considerably by overnutrifying waterways with human, industrial, and agricultural wastes (26). Florida's 30,000-acre Lake Apopka is an extreme example. Until 1940, this lake had clear water and was nationally famous for its game fishing. Then---e ncouraged by fertilizers leaching from bordering citrus and vegetable farms, wastes from municipalities, and citrus processing plants-populations of water hyacinth. followed by algae, abounded. By 1965, this once pristine lake had been reduced to a hypereutrophic, sediment filled body of water almost devoid of gamefish (9, 10, 69) .
Man has further compounded the waterweed problem by redesigning na ture's waterways. By constructing dams, he thwarts the periodic expelling of excess weed populations seaward during times of heavy rainfall, and thereby he provides placid havens for the proliferation of aquatic vegetation. Man made lakes throughout the world are infested with noxious water plants. For example, the Tennessee Valley Authority'S lakes are severely infested with Eurasian watermilfoil (74), Ghana's Lake Volta is covered with water lettuce, and Nicaragua's Lake Apanas has a severe water hyacinth problem (31, 35, 66). Man-made canals for transportation, and ditches for irrigation and drain age interconnect isolated bodies of water and thus aid the spread of aggressive weed species. The continuity of England's inland waterways enabled Canada elodea (Elodea canadensis) to become firmly established throughout that country during the 1880s (66) . The interconnected waterways of Florida en abled hydrilla to become established throughout the state within ten years after it was introduced near Miami.
THE STATUS AND POTENTIAL OF PLANT PATHOLOGY IN SOLVING THE WATERWEED PROBLEM
Attempts to control aquatic weeds include: (a) herbicidal applications, (b) removal and disposal with mechanical devices, and (c) biological con trol. Although the first two methods have considerable merit, they alone do not satisfactorily solve the overall aquatic weed problem because of expense and need fDr continuous treatments. Moreover, these two methods tend to be nonselective in their action. In the case of herbicide applications, the added pollution from their use detracts from the acceptability of this means of control.
Biological control methods may offer the greatest prospects for success by imposing a continual controlling force directly upon the pestiferous plants. Since many of our waterweeds are introduced species, it is logical to expect that searches in the native habitats of these plants would reveal Certain snail species such as Marisa cornuarietis are promising, but could become pests themselves as they may also devour beneficial plants (6, 31, 67) . Other snail species potentially useful as biological controls may be carri ers of serious human and animal parasites (20) . Herbivorous fish, particu larly the white amur (Ctenopharyngodon idella), also offer some potential for the control of unwanted plants (6, 31) . However, serious problems may re sult from the introduction of objectionable piscine forms such as the tilapia (Tilapia melanotheron). Moreover, there are relatively few herbivorous fish species from which to choose. The manatee (Trichechus manatus), although much publicized, offers little hope as it is difficult to breed and is close to extinction. One insect species, the alligatorweed flea beetle (Agasicles hygro phila) feeds only on alligatorweed and shows considerable promise for the control of this particular aquatic plant (40, 68) . However, insects alone are not likely to control aquatic weed pests because there are relatively few phy tophagous species capable of living beneath water. Most aquatic insects are either carnivorous or detrivourous; consequently, the number of insect spe cies with potential to control submersed aquatic weeds is relatively limited.
Several authorities on waterweeds have specifically commented upon the lack of attention given to plant pathogens as biocontrols of aquatic weeds (6, 31, 66) . of the occurrence of a similar event on noxious aquatic plants. This latter event would be of great benefit to man and the possibility of its artificial in duction should be seriously considered.
Emersed aquatic plants are probably no less susceptible to plant patho gens than terrestrial plants. In fact, some aquatic plants may have pathogens in common with terrestrial relatives. Numerous viruses, for example, are known to infect the amaranthaceous Gomphrena globosa (79), and presum ably many of them will be capable of also infecting the related alligatorweed. However, most aquatics are taxonomically unique, having few, if any, terres trial relatives. Despite their ubiquity throughout the earth's waterways, aquatic plants account for no more than 1 % of the known species of angio sperms and 2% of the pteridophytes. Of the 33 families listed by Sculthorpe (66) as consisting more or less exclusively of hydrophytes, 30 have fewer than 10 genera, 17 of these are mono generic, and 3 are monotypic. Only two families have more than 200 species. Thus, host-specific pathogens such as the rusts and smuts, although perhaps more difficult to locate on these plants, may be ideal as biocontrols since they would not be expected to infect non target plant species.
Plant pathogens are certainly known to occur in aqueous situations. Nem atodes are dependent upon water f or their locomotion and survival, and nu merous species are to b e found in fresh, brackish, or salt waters. Hirschmann (29) cites several reports of Radopholus gracilis collected from the roots of such aquatic plants as Potamogeton, Carex, and Phragmites. That nematodes inflict serious damage to submersed aquatic plants was shown by Smart & Esser (73), who reported that Aphelenchoides fragariae inflicted serious damage to Cabomba, Limnophila, and other aquatic ornamentals.
Bacteria and fungi are often found in water. Species in the genus Pseudo monas are commonly encountered as water inhabitants (8) . Among the fungi, Myxomycetes, Ascomycetes, Basidiomycetes, and Fungi Imperfecti all have some aquatic species, and the Phycomycetes have numerous aquatic forms. Sparrow (76) lists the following phycomycete orders as being aquatic: Chytridiales, Blastoc1adiales, Monoblepharidales, Hypochytridiales, Plasmodiophorales, Saprolegniales, Leptomitales, Lagenidiales, and the pythi aceous Peronosporales. Such zoospore-producing organisms certainly are per fectly adapted to infect submersed plants. Ridings & Zettler (60) implicated a species of Aphanomyces as the causal agent of a lethal disease of submersed amazon sword plants (Echinodorus sp.) at an aquatic nursery in Florida.
Viruses might be expected to be perpetuated indefinitely in many water weeds inasmuch as the capacity to produce seed is very much reduced, if not lost, in most vascular aquatics ' 
THE PESTIFEROUS AQUATIC PLANTS AND THEIR DISEASES
Algae, certain pteridophytes, and various monocotyledonous and dicotyl edonous angiosperms all have representatives that have become pestiferous as waterweeds.
Algae.-The most significant algal pests are to be found among the Cya n ophyta, Chlorophyta, Charophyta, Euglenophyta, and Chrysophyta. Popu lations of algae can create unsightly and odoriferous scums on water surfaces and interfere with water clarity. Certain pestiferous charophytes such as Chara spp. are macroscopic l!.nd can impede water flow. Infestations of other algae typically occur as cyclic "blooms" that tend to materialize within rela tively brief periods of time as a result of sudden infusions of nutrients. Al though algae and higher plants coexist under normal conditions, population ex plosions of one tend to occur at the expense of the other, due to competition for nutrients and light. The competition was demonstrated by Hasler & Jones (27), who showed that algae did not develop as well in ponds containing large populations of Elodea canadensis and Potamogeton /oliosus as in iden tical ponds without these vascular hydrophytes. Conversely, algae can sup press the development of vascular plants.
Plant pathogens infect algae as they do higher plants, but only rarely have they been considered in controlling algal blooms. Various workers have shown blue-green algae to be susceptible to lysogenic viruses closely resem bling those affecting bacteria (64), and several have been studied in the United States (62, 64) (76) and Aphanomyces, pathogenic to species of Mougeotia, Nitella, Spirogyra, Vaucheria, and Zygnema (65).
Vascular Aquatic Weeds.-Whereas algae are principally aquatic forms of life, and have been so since Precambrian times, the progenitors of today's vascular aquatics are descendents of terrestrial plants (66) . Water plants are by no means a homogeneous assemblage, as the transition from a terrestrial to an aquatic existence was made repeatedly through time by many different plant groups. Some, like the Isoetaceae and Nymphaeaceae, represent lines that made this transition relatively long ago; others apparently have become aquatic much more recently and still closely resemble their relatives on land.
Vascular aquatic plants can be categorized as either emergent or submer gent, with the former the most conspicuous but not necessarily the most trou blesome. Emergents may be subdivided into free-floating forms that drift about over the water surface, and anchored emergents attached to the sub strate by their roots.
Free-floating plants are raft-like with buoyant foliage and submersed pen dent roots. They establish themselves uniformly over waterways and can read ily adjust to fluctuations in water levels, but are vulnerable to the caprices of winds and currents and hence are generally restricted to sheltered habitats. They multiply with great rapidity and soon cover the surface of the water, rendering the waterbody meadow-like in appearance.
The most significant of all free-floating plants as weeds are the water hya cinth, water lettuce, and salvinia (Salvinia auriculata), all of which are now pantropical. The large stoloniferous forms such as the water hyacinth are generally considered to be of greater significance than diminutive forms such as salvinia.
Water hyacinth is infamous for its prodigious growth rate. In one study, it was calculated that 10 individuals were capable of giving rise to 655,360 plants in a single 8-month growing season (52) . This plant is an indigene of Latin America but is now to be found throughout the tropics and subtropics.
Apparently the first disease recorded on water hyacinth was a rust, Uredo eichhorniae, reported from the Dominican Republic by Ciferri & Fragoso (17) (1) . The fungus induced reddish brown spots on the petioles followed by chlorosis and withering of affected leaves. Inter estingly, even at this early date these authors considered utilization of the disease for biological control, as evidenced by their final conclusion: "The infection takes place readily but owing to the high resisting power of the plant, the disease makes very slow progress. From this it may be inferred that this fungus cannot be regarded as a possible remedy against the spread of wa ter hyacinths." The causal agent of this disease was later identified as Fusar ium equiseti by Banerjee (2 (58) . Of these, M. roridum var. eichhorniae and A. eich horniae appear the most promising for use in biological control. However, Ponnappa (55) believes that the wide host range of M. roridum precludes its use. Nag Raj & Ponnappa (48) consider that the narrow host range of A. eichhorniae, coupled with the ability of the pathogen to produce a toxin, warrants biological control trials with it.
Although widespread, water lettuce does not rank with water hyacinth as an impediment of waterbodies. It is a relatively fragile plant, prone to dam age by natural forces, and hence is most commonly found on relatively placid waterbodies (31, 84). In large exposed waterways such as Guatemala's Lake Izabal, this weed is destroyed by wave action despite continued infusions of fresh plants from nearby tributaries (28). The main hazard from water let tuce is that it harbors the Mansonia mosquito which, as noted earlier, is a vector of human diseases.
Water lettuce is affected by Cercospora sp. (47), Sclerotium rollsii (47), and Phyllosticta stratiotes (56) in India. However, the usefulness of these pathogens for biological control has not been explored. Recently a virus re putedly transmitted by Rhopalosiphum nymphaeae has been reported from Africa (53). However, dasheen mosaic virus, an aphid-transmitted virus of several aroids (87), including the aquatic ornamental Cryptocoryne cordata, did not infect water lettuce seedlings in Florida (Hartman & Zettler, unpub lished) .
Salvinia is a diminutive free-floating pteridophyte with pubescent oval leaves about 1 cm long. This species is a native of the neotropics but has become of considerable significance in several areas of the paleotropics, par ticularly in Ceylon and in Africa's Lake Kariba (31, 66).
Salvinia is affected by Myrothecium roridum in India (58) . Presumably the use of this pathogen for salvinia control would be objectionable on the same grounds as water hyacinth, i.e., broad host range of the fungus. Also, a cyclic die-back of salvinia associated with species of Alternaria and Spicar iops , is Anchored emergents are normally firmly rooted to the substrate and are thus more limited in habitat than their free-floating counterparts. These plants tend to be restricted to relatively shallow bodies of water, ditches, or along shorelines. However, when they grow profusely, their roots can become tightly interwoven into mats that can float as self-supporting islands, or sudds.
The anchored emergents are an arbitrary assemblage composed of several different taxa, among which are species of Amaranthaceae, Cyperaceae, Gramineae, Polygonaceae, and Typhaceae. These plants are distributed throughout the world and are conspicuous features of the aquatic environ ment. Sawgrass ered to be pests when they impair navigation, hinder hydroelectric projects, or interfere with fishing or agriculture.
Alligatorweed merits special attention as an anchored emergent. Native to South America, it can now be found in tropical and warm-temperate locales throughout the Western Hemisphere, and in certain areas in the Eastern Hemisphere. It has remarkable versatility, being able to grow equally well in a mat over open water, buoyed by hollow stems, or as a terrestrial plant rooted in soil in a relatively dry field. In Louisiana, this plant, although a weed to most people, is favored by cattlemen as convenient fodder in pas tures (40) .
Alligatorweed is subject to several diseases, none of which appear to have been investigated as control for this plant. It has been reported to be affected in Louisiana by R. solani (19, 71) , Heterodera marioni (54) , and Anguillu lina dihystera (54) . In addition, alligatorweed plants affected by a stunting disease, believed to be virus induced, have been found in the Ortega River of Florida (Hill & Zettler, unpublished). Alternanthera sessilis, a near relative of alligatorweed, is affected by Corticium solani (47), Colletotrichum capsid (56), Glomerella cingulata (47, 57), Phoma sp. (56) , and Albugo bliti (57) in India. Goodey, Franklin & Hooper (23) list Pratylenchus cofJeae, Meloi dogyne incognita, and M. javanica as infecting several additional species of Alternanthera. In addition, Arthur (la) reported a rust Uredo nitidula, in fecting alligatorweed plants in Guatemala.
Diseases have also heell reported on other anchored emergents. Two of three Panicum species of most concern in the United States [maidencane (P. hemitomum) and paragrass (P. purpurescens)] have had 9 and 7 patho gens reported to attack them, respectively. Eighteen diseases have been re ported for the common reed (Phragmites communis), three for southern wild rice (Zizoniopsis miliaceae), and more than twenty for the grass-like cattails (Typha spp.) (32). Other species have not been as thoroughly inves tigated; no diseases are reported for such conspicuous and important species as torpedo grass (Panicum repens), water paspalum (Paspalum fluitans), and sawgrass (32).
Despite the presence of several pathogens affecting anchored emergents, their use for biological control presents some unique problems. Indeed, in this case biological control may not be feasible because this group of plants is not totally noxious. Certainly we could ill afford to risk the destruction of important waterfowl food plants such as maidencane, southern wild rice, and giant reed. Of no less importance is the use of paragrass as forage in warmer climates and Typha spp. as valued ornamentals in aquatic gardens. Thus, it appears that biological control of such anchored emergents as the aquatic grasses may require a degree of specificity in phytopathogens difficult to attain.
Submersed weeds are probably the most serious of all types of aquatic vegetation, and the most difficult to control because, being submersed, they cannot be readily sprayed with herbicides nor can they be easily removed with machines (31). Furthermore, they are immune to predation by many organisms unable to exist under water. The most noxious . species have weak fibrous stems incapable of self support, and, except for their flowers, are un able to survive for even brief periods out of water. Although roots are formed, they are of minimal significance as anchoring devices. These plants grow indeterminately and as the stems elongate, they branch in every direc tion to create an impenetrable labyrinth of green strands capable of convert ing an unobstructed body of water into a virtual sargasso sea.
Numerous highly specialized species of submersed aquatic plants are re gionally notorious for their ability to invade new sites rapidly. Most often cited water pests are as follows: Ceratophyllum (Ceratophyllaceae), Myrio phyllum (Haloragaceae), Utricularia (Lentibulariaceae), Najas (Najada ceae) , Cabomba (Nymphaeaceae), Potamogeton (Potamogetonaceae), and Anacharis, Egeria, Elodea, and Hydrilla (Hydrocharitaceae) (31, 66, 84) . Because of their beauty, various members of this group have been transported throughout the world as ornamentals, and in many instances have become established in new locales by aquarium plant dealers who introduced them into public waters to be harvested as needed.
HydriUa, an old-world native introduced into south Florida in 1958-1960, currently ranks second only to water hyacinth as an aquatic pest in that state (5, 44) . The rapid spread of hydrilla in Florida is reminiscent of the spread of its new-world relative, Canada elodea, in Europe.
Eurasian watermilfoil is another equally widespread weed in fresh and brackish waters. In the United States, this old-world native has become a nui sance of particular prominence within the last 10-20 years, infesting thou sands of acres in the Chesapeake Bay, Tennessee Valley, and Currituck Sound.
In comparison to the diseases reported on free-floating and emersed plants, there is a paucity of reports concerning diseases of submerged plants. This is probably due to lack of investigation rather than absence of diseases affecting these plants. Two disorders, "Northeast Disease" and "Lake Venice Disease" (3, 4), were considered to be causes of a sudden decline in distribu tion and abundance of Eurasian watermilfoil populations in the Chesapeake Bay in the mid 1960s. No causal agents were ever established for them. Also, milfoil plants did not become infected when inoculated with alfalfa mosaic virus, tobacco mosaic virus, tobacco ringspot virus, potato virus X, or potato virus Y (3) . For several years, personnel of the Institute for Plant Protection in Beograd, Yugoslavia, have investigated diseases affecting milfoil under a project supported by PL 480 funds. This group has isolated a variety of fungi from declining milfoil plants and several of them have been reported to be pathogenic �o milfoil seedlings. Pathogens reported are: Alternaria sp., Arti culospora tetracladia, Botyris sp., Dactylella microaquatica, Flagellaspora stricta, Fusarium acuminatum; F. oxysporium; F. poae, F .. roseum, F. sporo trichoides, F. tricinctum, Mycelia sterilia, Sclerotium hydrophyllum, and Stemphylium sp. been found on Myriophyllum verticillatum (23) . Whether any of these can be used on a practical scale for milfoil control remains to be determined.
We have been unable to find reports of diseases affecting species of Hy drilla, Egeria, Anacharis, or Elodea, although we believe that diseases do af fect these hydrocharitaceous plants.
CONCLUSIONS
The plant pathologist may be guilty of tunnel vision by directing most of his research efforts towards terrestrial plants and ignoring the aquatics. Our almost nonexistent research efforts with aquatic plants, particularly the sub mersed forms, certainly do not reflect their ubiquity and their importance as noxious weeds, food for wildlife, and ornamentals. The lack of information on diseases of aquatic plants is obviously not related to the nonexistence of pathogens. When investigations have been undertaken, pathogens have been found, and in some instances shown to inflict great damage to their hosts.
That we have ignored diseases of water plants for so long is surprising. Vas cular aquatic plants, having evolved from terrestrial ancestors, adapted them selves in amazing ways to survive in water. It would be intriguing to deter mine how their pathogens have become adapted for such an existence. Aside from simple curiosity, it may be that our discipline holds the most important ke y in controlling water weeds. This is reason enough for conducting re search in this long-neglected field. 
